Two methods are utilized to study the relaxation behaviour and molecular motion in solutions of free radicals in toluene: the investigation of longitudinal and transversal solvent proton relaxation at a properly chosen frequency (48 MHz), and the determination of enhancement factors of the dynamic proton polarization over a large frequency range. The temperature dependence of the quantities concerned is measured between +70 °C and -120 °C.
In the preceding paper magnetic nuclear-electron double resonance was used to study certain mole- 
Experimental Details and Results

Solutions of DPPH (Diphenyl picryl hydrazyl)
and BPA (bis-diphenylene-p-chlor-phenyl allyl) in toluene were used, but within the experimental error the results did not depend on the type of radical 7 .
Due to its broad ESR-spectrum, however, DPPH was not suitable for dynamic polarization measurements.
The dependence on temperature of the proton spin relaxation times Tl and T2 of the solutions as well as T10 and 7\>0 of the pure solvent was measured at 48 MHz. The values for were obtained by observing the recovery of the nuclear magnetization after saturation with 90° pulses. Short r2's were measured with a 90^ -180°-programme, longer ones by using CARR-PURCELL/MEIBOOM-GILL-sequences. The pulse separation was 1 ms in such cases, so that about 10 000 pulses were used for transverse relaxation times of the order of 10 s. The accuracy is estimated to be 5% for T1 and 10% for T2 . Within the limits of error the recovery and decay of mag- The procedure for obtaining the data is the same as that used before 1 . With P being the nuclear polarization and P0 its thermal equilibrium value the enhancement factor is given by
The leakage factor / was derived from T1 and T10
in the usual way. P/P0 is determined by the ratio of the proton resonance signal intensity with and without enhancement. By extrapolation to infinite power the enhancement for 5 = 1 is obtained. Thus the nuclear-electron coupling parameters ,o were derived.
In it was possible to determine the coupling parameters for the ring and the methyl protons separately.
Since the differences between ORjng and .Ojiethyi were found to be small, average values were taken for plotted against the electron resonance frequency. As it was particularly the decay of the polarization in strong magnetic fields which was to be studied, a logarithmic plot was chosen. For the evaluation of the high temperature data a linear plot is more suitable. The lines in the graph will be discussed later.
In all experiments the temperature of the samples had to be controlled very carefully. This was achieved by using servo systems to heat a strong flow of cold gaseous nitrogen. The temperatures could thus be kept constant within a degree. The accuracy of absolute temperature measurement, however, is probably less.
Translational and Rotational Motion of Molecules
The relaxation rates 1 /7/ and 1/7V as as the coupling parameter ,o can be related to the correlation functions of the different mechanism of motion in the usual manner. Fig. 4 shows that in the limit of extreme narrowing (low frequencies, high temperatures) a maximum value of ,omax = 0.5 is obtained. This means that only dipole-dipole interactions between the proton spins (gyromagnetic ratio Yi) and the electron spins (y$) need to be considered 14 . Since the minimum electronic relaxation times are of the order of 10 -7 s, being larger than all the correlation times of motion, the electronic relaxation will be neglected when considering mechanisms causing fluctuations of the local fields, produced by the electrons, at the nuclei. We are left with dipolar interactions modulated in time by the molecular motion. Under certain assumptions, speci- (6) mechanism alone. The curves drawn for the best fit of the measured points, yield correlation times which follow an experimental activation law
This is no longer true, however, at low tempera- Using these functions in (3) and (4) not be noticeable if the temperature range of the liquid phase of a solution is too small.
Another effect will only be discussed qualitatively since it is not very important in toluene solutions; namely the difference between the enhancement factors of non-equivalent nuclei. As Fig. 3 shows, the nuclear-electron coupling for the ring protons is slightly stronger than for the methyl protons. Such a behaviour may be more pronounced in other cases and may yield additional information.
Nuclear Relaxation Data
Once the value of rt for one temperature and the form of the temperature dependence (8) have been established, the experimental relaxation data of Since b is probably not much larger than d a very small solvation follows; with d^b one has m^0.6.
Systematic departures of the data from the interpretation given above (see Fig. 1 ) occur at high temperatures (values of Tt too great). These errors can be partially related to the existance of two inequivalent groups of protons in toluene. The pulse apparatus measures only certain averages 19 . This difficulty is removed if a,a,a-tri-deutero toluene is used which has protons only in ring positions. shows that the agreement is a little better. The investigation of toluene with all methyl protons replaced by deuterons was intended to check, whether the existence of two different sets of protons, one in a group which is already rotating within the molecule, would change the whole relaxation behaviour. Fig. 6 proves, however, that there are only very small differences.
Conclusions
In contrast to other organic solutions of free radicals so far investigated a weak solvation of radical molecules could be observed. On average not quite every radical molecule has one solvent molecule associated. Since the effect is so weak, it might have escaped notice in other solutions, if the conditions of experimental observation were less favourable.
Furthermore a detailed knowledge of the OVER-HAUSER effect in such solutions and on the relaxation was obtained. The absolute contribution of rotational tumbling to the relaxation rates is easily derived from the quantity R. Equation (6) shows immediately that it is R r,./rt in the case of extreme narrowing when cos rt, tOgrr 1. Thus, at room temperatures, for instance, the rotational contribution is only about 0.4%. It increases strongly if xincreases. Finally, in the limit <x>, rt, co/Tr^>l the rotational contribution to l/T2' is still given by R rr/rt, whilst it is | 4 (VV T r)/"|/6for
1/Tt'. This means that the rotational contribution to the spin-lattice relaxation decreases again at extremely low temperatures after having been of major importance near the maximum of the curve in Fig. 1 .
It will be interesting to apply the methods used here to studies of other systems, especially to solutions of those free radicals which are generally supposed to cause much greater solvation effects.
